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"Immunogenic polypeptides that mimic a surface polvsaccharide antigen of a 
pathogenic microoroanism. method for obtaining the same, and their use in 

vaccine comppsitions" 

BACKGROUND OF THE INVENTION 

(i) Field of the invention 

The present invention pertains to immunogenic polypeptides, which 
comprise at least an epitope recognized by a protective monoclonal antibody 
having a high affinity and a high specificity for a surface polysaccharide of a 
pathogenic microorganism. The polypeptides induce an immune response in 
vivo against the pathogenic microorganism. The invention also relates to 
methods for selecting such immunogenic polypeptides, and also immunogenic 
or vaccinal compositions containing the polypeptides. 

(ii) Description of the related art 

Throughout this application various references are referred to within 
parenthesis. Disclosures of these publications in their entireties are hereby 
incorporated by reference into this application to more fully describe the state of 
the art to which this invention pertains. 

Polysaccharide molecules have been shown to be present at the surface 
of numerous pathogenic microorganisms. Some of these polysaccharide 
molecules have been depicted to protect the infecting pathogenic organism 
from the immune system of the infected host. 

The initial immunologic response to administration of a capsular 
polysaccharide is the production of antibodies of the IgM class, which persist 
for relatively short periods (Beuvery et al., 1982; Beuvery et a!., 1983). A 
similar response is manifested after the same capsular antigen is injected a 
second time (Kayhty et al., 1984). Absence of a booster response indicates the 
lack of "immunologic memory", attributes of a thymus-independent antigen. 

The production of polysaccharides by bacteria has been recognized for 
a long time and a number of bacteria, including pneumococci, streptococci 
staphylococci, menigococci. Salmonella, Shigella, Haemophilus influenza 
Escherichia coli. Klebsiella Pneumoniae and Bacteroides fragilis, are frequeni 
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causes of illness in man. 

The bacterial cell wall is not the sole pathogenic organism component 
that contains polysaccharide antigens that are considered as important 
determinants for inducing an immune response. A lot of viruses, such as 
rotaviruses (Hoshino et a!.. 1994), parainfluenza viruses (Ray et al., 1986; 
Tsurudome et al., 1989, Henrickson, 1991; Kasel et a!., 1984), influenza 
viaises (Murphy et al., 1990; Tamura et al., 1996; Ada et al.. 1986; Tamura et 
al., 1990; Tamura et al.. 1991) or immunodeficiency viruses (FIV, HIV etc.) and 
fungi also express polysaccharide antigens at their surface, notably under the 
fonn of highly glycosylated proteins. 

Immunodeficiency viruses, like FIV or HIV, all express envelope 
glycoproteins (gp 120 for HIV-1, gp 125 for HIV-2) at their surfaces. These 
envelope glycoproteins have been shovvn to be deeply involved in virus entry 
into target cells of the host, specifically the V3 loop domain of these external 
glycoproteins. 

Pathogenic fungi, like some strains of Candida albicans or Neurospora 
crassa, also express polysaccharide antigenic determinants involved in the 
immune response of the host (Reiss. 1986). 

The main targets of the protective immune response against bacterial 
infection are the capsular polysaccharide as vt/ell as the 0-Ag carbohydrate 
moiety of the LPS (for a review, see Austrian, 1985). Carbohydrate antigens 
are T-cell independent, inducing weak antibody responses associated with the 
lack of a strong B cell memory response (Bondada et al., 1994). Vaccine 
strategies have thus been mainly focused on the development of either 
polysaccharide-protein conjugates or anti-idiotype vaccines based on 
mimicking the carbohydrate structure (Lucas, 1994). The difficult steps of the 
former approach are the purification of the polysaccharide (especially when 
starting from LPS, which must be devoid of any residual lipid A-related 
endotoxic activity), and the loss of immunogenicity of the carbohydrate moiety 
during coupling to the protein carrier. Carbohydrate synthesis may diminish the 
problems associated with antigen purification, but nonetheless remains a 
limited solution due to the overall difficulties of carbohydrate chemistry 

The fact that the surface polysaccharide antigens of pathogenic 
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microorganisms, and in particular tlie antigenic capsular polysaccharide of 
bacteria, seem to induce predominantly a T cell independent immune response 
renders ttiese isolated or chemically synthesized antigens less valuable to use 
for inducing a protective immune response in the infected host. 

Moreover, the synthesis of such polysaccharide antigen molecules at an 
industrial and commercial scale is difficult and very costly as compared with the 
synthesis of protein and peptide antigen compounds that are the active 
principals of the conventional vaccine compositions. 

Thus, there is a need in the art to design protein or peptide molecules 
that are able to immunologically mimic the antigenic polysaccharide, 
specifically that are able to induce strong and protective immune response to 
the corresponding pathogenic organism. 

One strategy, based on the mimicry of cartDohydrate antigens by anti- 
idiotype antibodies is not a simple altemative to the use of the polysaccharide 
antigen itself, since obtaining these antibodies is relatively time-consuming, and 
their use in humans is still a matter of debate. Therefore, polysaccharide- 
protein conjugates remain, despite difficulties, the only viable strategy for 
human vaccination against bacterial polysaccharidic antigens investigated until 



now. 



As the anti-idiotype antibody molecule in its entirety is unsuitable for 
repeated immunization, the characterization and use of its CDRs as 
immunogenic peptides to elicit anti-carbohydrate antibodies has recently been 
reported (Weternick et a!., 1995), representing an additional complication. In 
comparison, obtaining peptide mimics using phage display technology is quite 
straightforward. 

Over the last few years phage-displayed peptide libraries have been 
widely screened with antibodies as well as non-antibody molecules leading to 
the identification of new ligands that do not necessarily resemble the natural 
ones, but display similar binding capacity (for reviews see Scott et al., 1994; 
Cortese et al., 1995; Felici et al., 1995; Daniels et al., 1996). 

The identification of peptides that mimic carbohydrate stmctures has 
also been reported (Oldenburg et al.. 1992; Scott et a!., 1992, Hoess et al 
1993. Bianchi et al., 1995; Bonnycastle et al., 1996; Valadon et al., 1996). This 
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approach might be an alternative to the us of anti-idiotypic antibodies as 
mimics (Westerinck et a!., 1995). 

In particular, Valadon et al (1996) have used phage-displayed hexa- or 
deca-peptide libraries in order to select peptides binding to a monoclonal 
antibody, Mab 2H1, directed against the glucuronoxylomannan (GXM) capsular 
polysaccharide from Cryptococcus neoformans. These authors have selected 
about 35 different peptides that bind to the 2H1 anti-GXM monoclonal antibody. 
These peptides gathered in four different motifs, the peptides belonging to one 
specific motif exhibiting a significant homology (Tables 1 and 3). Further, these 
authors have immunized mice with some of the selected peptides (namely PA1, 
P601E. and P514). but have elicited only a small anti-GXM response, although 
they have stimulated the production of antibodies that have the 2H1 idiotype 
(unpublished results of the authors). There is no need to say that Valadon et 
a!., in failing to obtain antibodies to the initial polysaccharide antigen with the 
selected hexa- or deca-peptides, have also failed to obtain any protective 
antibody against glucuronoxylomannan of Cryptococcus neoformans. 

One explanation for the failure of Valadon et al. to select random 
peptides inducing a significant immune response against glucuronoxylomannan 
of C. neoformans lies probably in the weak specificity of the initial anti-GXM 
monoclonal antibody (2H1) used by these authors, which did not confer good 
selectivity properties in the screening steps of the candidate peptides 
expressed by the phage clones of the hexa- or decapeptide libraries, although 
this particular point is not discussed in Valadon et al s article. The weak 
specificity of the 2H1 monoclonal antibody used by Valadon et al. may be 
deduced from the fact that three to four rounds of selection screening has been 
necessary in order to select clones expressing candidate peptide mimics. 

Thus, the immunogenicity of phage-displayed peptides that mimic the 
carbohydrate structures involved in the protective immune response against 
pathogens has not been reported so far. Consequently, the availability of 
carbohydrate peptide mimics that are able to induce a protective immune 
response against a pathogenic organism is a goal that had. to date, never been 
reached. 
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SUMMARY OF THE INVENTION 

Consequently, the present inventors have investigated whether random 
peptides selected through such a strategy could act as immunogenic mimics 
able to induce anti-carbohydrate antibodies. The pathogen S. flexneri has 
been selected as a particular embodiment of the present invention, although it 
will be understood that the invention is not limited to this embodiment. 

The inventors have recently reported that a monoclonal antibody of the 
IgA type directed against a serotype-specific epitope of the 0-Ag, mIgA C5, 
and present in local secretions before infection confers protection, thus 
showing the fundamental role played by both the carbohydrate 0-Ag 
(especially the serotype-specific determinants) and the local humoral response 
against this pathogen (Phalipon et al., 1995). 

More particularly, the illustrative embodiment of this invention is based 
on the repeated saccharidic unit of the 0-Ag of S. flexneri. The structure of this 
saccharidic unit is shown in Fig. 1 . 

With reference to Fig. 1, the repeated saccharidic unit of serotype 5a is 
shown in Fig. 1(a) and the repeated saccharidic unit of serotype 2A is shown in 
Fig. 1(b). The saccharidic unit is surrounded, and "n" indicates that it is 
repeated n times to constitute the 0-Ag. The GlcNAc and Rha residues 
outside the surrounding are part of the (n-1 ) and (n+1 ) units, respectively, 

Using the mIgA C5 monoclonal antibody as well as the monoclonal 
antibody mIgA 13, both specific for the 0-antigen (0-Ag) part of the human 
pathogen Shigella flexneri serotype 5a LPS and both protective against 
homologous infection, two phage-displayed nonapeptide libraries were 
screened in order to select specific random peptides that are recognized with a 
high specificity and a high affinity by the monoclonal antibodies. The random 
peptides were found to be capable of inducing a protective immune response to 
the pathogen in animals,' specifically in mice. 

These results are the first example of immunogenic mimicry of 
carbohydrates by phage-displayed peptides. Immunization of mice with one of 
the mimotopes can confer protection against subsequent infection Therefore 
the results indicate a new technique for the development of anti-polysaccharide 
vaccines. 
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Thus, the present invention provides an immunogenic polypeptide, 
which comprises an epitope recognized by a protective monoclonal antibody 
having a high affinity and a high specificity for a surface polysaccharide of a 
pathogenic microorganism. The polypeptide induces an immune response in 
vivo against the pathogenic organism. More particularly, the immunogenic 
peptide of the invention defined herein induces a protective humoral and/or 
cellular immune response against the pathogenic organism. 

This invention also provides a purified polynucleotide coding for an 
immunogenic polypeptide as defined herein. 

The invention is also directed to a method for selecting an immunogenic 
polypeptide as defined herein, comprising selecting, among a random peptide 
library, pertinent peptides that bind with a high affinity to a specifically chosen 
monoclonal antibody directed against a surface polysaccharide of a 
pathogenic microorganism, then characterizing the selected polypeptide(s) and 
ensuring that the selected polypeptide(s) induce a protective immune response 
in a vertebrate, more particularly in a mammal host against the pathogenic 
microorganism. 

The invention also provides an immunogenic composition comprising an 
immunogenic polypeptide or a purified polynucleotide according to the 
invention. 

This invention also provides a polyclonal or a monoclonal antibody, 
which is directed against an immunogenic polypeptide according to the 
invention. 



BRIEF DESC RIPTION OF THE DRAWINRR 

This invention will be described in greater detail with reference to the 
drawings in which: 

Figure 1 depicts the structure of the repeated saccharidic unit of the 0- 
Ag of S. flexneri. The serotype 5a (a) and serotype 2a (b) basic structures are 
shown. The saccharidic unit is surrounded and "n" indicates that it is repeated 
n times to constitute the 0-Ag. The GlcNAc and Rha residues outside the 
surrounding are part of the (n-1 ) and (n+1 ) unit, respectively 

Figure 2 shows the specificity of the peptide-induced 
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antibodies. Western blots were performed using purified LPS of serotype 5a 
(lane 1) or serotype 2a (lane 2), and incubated with sera of mice (dilution 1:50) 
immunized with the phage clones pwt (a), p100c (b), p1 15 (c), or with mIgA C5 
(dilution 1:1,000) (d). 

Figure 3 shows pi 00c- and p115-induced anti-LPS and anti-phage 
antibody titers. Three groups of ten BALB/c mice were immunized i.p. with the 
phage clones pwt (a). p100c (b). or p115(c) as described in Materials and 
Methods. Similar results were obtained following i.v. immunizations. The 
ELISA data are representative of three independent experiments. Anti-LPS 
and anti-phage antibodies were estimated on individual sera. Titers are given 
as the mean ± SD of individual samples. 

Figure 4 shows the results of labeling of S. flexneh bacteria with the 
peptide mimic-induced antibodies. Labeling of S. nexneri serotype 5a (a) or 
serotype 2a (b) bacteria, previously centrifuged and fixed onto cover slips, was 
performed with sera of mice immunized with pwt, p100c, or p115. Goat anti- 
mouse rhodamine-conjugated immunoglobulin G was used as secondary 
antibody (dilution at use 1:200), Results shown in this Figure were obtained 
with p115-induced antibodies (dilution of sera at use 1:20) incubated with S. 
flexneh serotype 5a (a) or serotype 2a (b). 

Figure 5 shows the phage-displayed nonapeptide sequences interacting 
with the antigen binding site of mIgA C5 and/or mIgA 13 specific for the O-Ag of 
S. flexneh serotype 5a. 

The number of the phage clone and the corresponding sequence 
displayed by it are indicated. Recognition of these phage clones by mIgA C5 
and/or mIgA 13 is indicated by the OD value obtained during screening of the 
nonapeptide libraries as described in Materials and Methods. Phage clones 
100c, 121, 115, 148c, 160c, and 143c were selected using mIgA 13. pwt is the 
negative control (a phage containing wild type pVIII proteins), all the other 
clones were selected using mIgA C5. The letter "c" following the number of the 
clones indicated that these clones were selected from the cysteine-constrained 
nonapeptide library, thus in the pVIII recombinant protein the peptide insert is 
flanked by two cysteine residues. 

Figure 6 shows the anti-LPS and anti-peptide Ig responses in mice 
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following immunizations with Multi-branched Associated P ptides (MAPs). 
Three groups of 5 mice were immunized with either 115/T/MAP, T/MAP, or 
M90T (S. flexneri 5a strain) either intraperitoneally (i.p.) or intranasally (i.n.). 
Serum anti-LPS and anti-peptide antibody titers were measured by ELISA 
using as antigens purified LPS of S. flexneri serotype 5a and 115/KHL, 
respectively. The antibody titer con-esponds to the last dilution of semm given 
a OD twice that of the control (preimmune serum). 

Figure 7 shows the lung-bacterial load of mice, previously immunized 
i.p. with MAPS, in response to a challenge with S. flexneri serotype 5a bacteria. 
Mice immunized i.p. with 115/T/MAP. T/MAP. or M90T were challenged i.n. 
with S. flexneri serotype 5a at 15 days following the last immunization. Lung- 
bacterial counts were performed at 6 hours post-infection. 

Figure 8 shows the lung-bacterial load of mice, previously immunized 
i.n. with MAPS, in response to a challenge with S. flexneri serotype 5a bacteria. 
Mice immunized i.n. with 115/T/MAP, T/MAP. or M90T were challenged i.n. 
with S. flexneri serotype 5a at 15 days following the last immunization. Lung- 
bacterial counts were performed at 6 hours post-infection. 



DETAILED DESCRIPTION OF PREFERRED EMBODiMEKITR 

By describing a method in order to efficiently select specific peptides 
from a random peptide library that mimic polysaccharide antigenic determinants 
as valuable immunogenic compounds inducing a protective immune response 
in a host against a pathogenic microorganism, this invention allows one skilled 
in the art to design the immunogenic polypeptides. 

The results presented in the specification demonstrate that peptide 
sequences mimicking protective carbohydrate epitopes of pathogens selected 
through phage-displayed peptide libraries can act as immunogenic mimics and 
induce an immune response, particularly a humoral response characterized by 
the in vivo production of protective anti-carbohydrate antibodies. This 
approach represents a practical alternative to the use of anti-idiotype antibodies 
as mimics of carbohydrate structures. It is also a much simpler way to select 
pept.de mimics of carbohydrates, since only two tools are required- (i) a 
protective monoclonal antibody specific for the carbohydrate epitope to 
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be mimicked, and (ii) phage-di splayed random peptide libraries, which are now 
widely available. 

By a polysaccharide or a carbohydrate molecule according to the 
present invention is meant an ordered polymer containing monomer units and 
thus containing identical epitope repeats at regular intervals. The basic units of 
a polysaccharide are osides. Polysaccharides may be components of complex 
molecules, for example by combination with proteins (glycopeptides and 
glycoproteins) or with lipids (lipopolyosides, including lipopolysaccharide or 
LPS). 

By a pathogenic microorganism for the purpose of the present invention 
is intended a microorganism of bacterial, fungal, or viral origin that is directly 
responsible for or acts as a co-factor of a disease in a vertebrate, more 
particularly in a mammal, specifically in a human. The microorganism 
expresses polysaccharide determinants at its surface, either under the form of 
a polysaccharide matrix (for example capsular polysaccharide) or under the 
form of a polysaccharide grafted onto a peptide structure (for example in 
surface glycoproteins). 

By an epitope or an epitope unit for the purpose of the present invention 
is intended a portion of an antigen molecule, which is delineated by the area of 
interaction with antibodies that are specific to this particular antigen. 

By a protective antibody for the purpose of the present invention is 
intended an antibody directed to a specific polysaccharidic antigen from a 
pathogenic microorganism and which is able to protect a vertebrate, more 
particulariy a mammal host against an infection by the pathogenic 
microorganism. 

By a monoclonal antibody having a high affinity for a surface 
polysaccharide antigen for the purpose of the present invention is intended a 
monoclonal antibody, wherein monoclonal antibody binding on immobilized 
LPS is reached with from 1 to 2 ng LPS in solution. An illustrative assay to 
ensure that a monoclonal antibody is in conformity with the above definition of a 
high affinity monoclonal antibody is disclosed hereinafter. 

By a monoclonal antibody having a high specificity for a surface 
polysaccharide antigen of a given pathogenic microorganism for the purpose of 
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the present invention is intended an antibody, which does not exhibit significant 
cross-reactivity with another antigen. 

By a peptide or polypeptide according to the present invention is 
intended an oligomer in which the monomers are amino acids and which are 
joined together through amide bonds. In the context of this specification, it 
should be appreciated that when alpha-amino acids are used, they can be the 
L-optical isomer or the D-optical isomer. Other amino acids useful in the 
present invention include unnatural amino acids, such as beta-alanine, 
phenylglycine. homoarginine and the like. Other modifications of the natural 
amino acid composition are described elsewhere throughout the instant 
specification. Standard abbreviations for amino acids are used (e.g. P for 
proline). These abbreviations are included in Stryer, Biochemistry, Third Ed. 
(1988). which is incorporated herein by reference for ail purposes. 

By an immune response according to the present invention is intended a 
humoral and/or a cellular immune response. By protection according to the 
present invention is intended reduction of the bacterial load. 

In the present invention, several peptides that bind with a high specificity 
and a high affinity to at least one monoclonal antibody directed against the O- 
antigen (0-Ag) of Stiigella flexneri serotype 5a LPS have been selected from 
random peptide libraries for purposes of illustration. These peptides have been 
demonstrated to be capable of inducing a protective immune response against 
the pathogen. 

In order to select the immunogenic polypeptide mimics, phage clones of 
a random phage-displayed peptide library were tested for their ability to 
compete with the 0-Ag for binding to a specific monoclonal antibody in an 
ELISA assay. Nineteen peptide sequences mimicking protective carbohydrate 
epitopes of the O-Ag were selected by the use of phage-displayed 9-mer 
peptide libraries. Because of the high specificity and the high affinity of the 
monoclonal antibodies directed against 0-Ag used in the present invention, 
only two rounds of saeening selection are needed in order to select good 
peptide mimics. 

In particular, it has now been shown that the two monoclonal 
antibodies used, respectively. mIgA C5 and mIgA 13, recognize the 5a 
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serotype of the 0-Ag from the LPS of S. flexneh. but do not bind at all to the 2a 
serotype despite the small structural differences between the 0-Ag belonging 
two each serotype. The basic repeat unit of the 0-Ag of S. flexnen is 
composed of a three rhamnose residues chain-linked to a N-acetyl 
glucosamine. In serotype 5a, the second rhamnose residue is branched with a 
glucose residue, whereas in serotype 2a it is the third rhamnose residue that is 
branched with a glucose residue (See Figure 1). 

The binding capacities of the mIgA C5 monoclonal antibody to the 
lipopolysaccharide (LPS) of S. flexneri have been assayed. Briefly, the 
antibodies are incubated overnight in the presence of increasing concentrations 
of LPS of S. flexneri serotype 5a. Then the unbound antibodies are quantified 
by an ELISA assay using LPS of S. flexneh serotype 5a. It has been found that 
50% inhibition of binding of the antibodies to immobilized LPS is reached for 1 
to 2 ng of free LPS. 

It has also been shown that the selected peptide mimics induce anti-0- 
Ag antibodies in mice. The antibodies are specific for the serotype 5a. These 
antibodies are able to recognize 0-Ag molecules of molecular weight ranging 
from 950 (1 unit) to 16,150 (17 units). 

Furthermore, it has been demonstrated that the above immunogenic 
polypeptide mimic-induced antibodies recognize and bind to S. flexneri 
serotype 5a. but not serotype 2a bacteria. 

These results support the fact that the immunogenic polypeptide mimic- 
induced antibodies are able to interact with the pathogenic microorganism in an 
in vivo situation. 

Furthermore, the antibodies raised against the immunogenic polypeptide 
mimics of the invention are protecting the host to which they are administered 
against an infection with the pathogenic organism expressing the 
polysaccharide mimicked by the polypeptide according to the invention as 
assayed as described hereinafter. 

The hybridoma cell line producing the mIgA C5 monoclonal antibody is 
part of this invention and has been deposited at the CNCM (Collection 
Nationals de Cultures de Microorganismes) under the accession number I 
1916. 
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The assays used to ensure that the antibodies are induced in vivo 
against the immunogenic polypeptide mimic of the invention are described 
hereinafter, more particularly in the case of a S. Flexneri infection, but the 
assay is easily transposabie by one skilled in the art for other bacterial, fungal, 
or viral infections using the teachings of the instant specification, optionally in 
combination with the general knowledge of prior art in this particular technical 
field. 

Amino acid sequences of immunogenic polypeptide mimics, which have 
been selected for exemplification of the invention only, and which induce a 
protective immune response against the pathogenic microorganism S. flexneri 
serotype 5a are the following: 

- SEQ ID No. 1: R1-YKPLGATH-R2. wherein R1 and R2 each 
represents either a cysteine residue or a hydrogen atom. This polypeptide is 
expressed by the phage clone p100c; and 

- SEQ ID No. 2 : KVPPWAATA; this polypeptide is expressed by the 
phage clone p115. 

The above described polypeptides of specified amino acid sequences 
are part of the present invention. 

The peptide sequences selected as mimics of protective carbohydrate 
epitopes of the S. flexnen serotype 5a 0-Ag by screening the phage-displayed 
nonapeptide libraries comprise a varying number of aromatic amino acids, at 
least one per sequence. 

This invention constitutes the first example of immunogenic mimicry of 
carbohydrate determinants by peptide sequences selected from phage- 
displayed peptide libraries. It should be noted that the peptide inserts of the 
immunogenic mimics pi 00c and pi 15 share no obvious consensus sequence 
with most of the other selected clones, and do not even resemble each other's 
sequence. Despite having been both selected using mIgA 13, they derive from 
two different libraries (pi 00c insert is Cys-flanked), and have also a different 
pattern of recognition with mIgA C5. More interestingly, pi 00c and pi 15 are 
both able to raise a specific anti-carbohydrate antibody response upon mice 
immunization, but plOOc is not able to inhibit p115-induced antibody 
binding to LPS and vice versa. Furthermore, protection was shown to 
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be achieved in mice following immunization with pi 15 coupled to a carrier, 
system, such as MAP (Multiple Antigen Peptide). 

The successful strategy of this invention is of great interest for the 
development of a new type of anti-polysaccharide vaccine. Immunogenic 
peptide mimics of protective carbohydrate epitopes of the most frequent 
serotypes of the Shigella species responsible for either the endemic or 
epidemic form of shigellosis, can be combined to develop a multivalent subunit 
vaccine. As phage particles might prove unsuitable for vaccination, the 
capacity of the mimics used as peptides to elicit anti-carbohydrate antibodies 
are, to date, the most industrially valuable vaccinal tool. 

Using the teachings of this invention, and using the techniques 
described herein, optionally in combination with techniques already known in 
the art, one of ordinary skill in the art is now in possession of the knowledge 
necessary to select and/or design immunogenic polypeptides that mimic 
carbohydrate antigenic determinants of a pathogenic microorganism where the 
polypeptides are able to induce a protective immune response against the 
pathogenic microorganism. 

Thus, as it has already been mentioned, the present invention is directed 
to an immunogenic polypeptide, which comprises an epitope recognized by a 
protective monoclonal antibody having a high affinity and a high specificity for a 
surface polysaccharide of a pathogenic organism. The polypeptide induces an 
immune response in vivo against the pathogenic organism. The pathogenic 
microorganism concerned can be of bacterial, fungal or viral origin, providing 
that the pathogenic microorganism expresses at least one polysaccharide 
antigen that is recognized by specific protective antibodies. 

The pathogenic microorganism can be of bacterial origin, such as for 
example Shigella, Salmonella, Pneumococci, Streptococci (e.g. Streptococcus 
pneumoniae), Staphylococci, Meningococci, pathogenic strains of Escherichia 
CO//, Bacteroides fragilis or also Klebsiella (e.g. Klebsiella pneumoniae). 

The pathogenic microorganism can be of viral origin, such as for 
example human immunodeficiency viruses (e.g. strains of HIV-1 or HIV-2) 
feline immunodeficiency virus (FIV), human rotaviruses, human 
paramyxoviruses (e.g. respiratory syncitial viruses, parainfluenza viruses 
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Sendai viruses), and influenza viruses (e.g; Haemophilus influenza). 

The pathogenic microorganism can be of fungal origin, such as 
pathogenic strains of Candida ( e.g. Candida albicans) or Neurospora crassa. 

In a preferred embodiment of the immunogenic polypeptide according to 
the present invention, the epitope unit of the polypeptide has about 6 to about 
50 amino acids in length, preferably about 6 to about 20 amino acids in length, 
and most preferably about 6 to about 15 amino acids in length, and is capable 
of inducing in vivo a protective immune response against a polysaccharide 
antigen. \Nh\ch is expressed by a pathogenic microorganism. An immunogenic 
polypeptide having a long amino acid chain (from 25 to 50 amino acids in 
length) is preferably used in case of conformational epitope units. Furthermore, 
a large epitope unit is expected to carry both a B-epitope and a T-epitope. 

Also part of the immunogenic polypeptides of the present invention are 
those polypeptides that comprise, but are not limited to, at least one epitope 
unit recognized by a protective monoclonal antibody having a high affinity and a 
high specificity for a surface polysaccharide of a pathogenic microorganism. 

The present invention also pertains to a method for selecting an 
immunogenic polypeptide comprising an epitope recognized by a protective 
monoclonal antibody having a high affinity and a high specificity for a surface 
polysaccharide of an infectious organism, wherein the polypeptide is capable of 
inducing an immune response in vivo against the infectious organism. The 
method comprises: 

(A) selecting, among the polypeptides from a random peptide library 
those that exhibit the following characteristics: 

- binding with a high affinity to a monoclonal antibody having a high 
affinity and a high specificity for a surface polysaccharide from an infectious 
microorganism; and 

- inducing an immune response in vivo against the infectious 
microorganism; and 

(B) identifying the polypeptide selected at step (A). 

In one specific embodiment of this method, step (A) is preceded by 
preparing a random peptide library. The random library of 
polypeptides most preferably comphses a phage-displayed peptide 
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random library. 

In another specific embodiment of the method of the invention, step (A) 
is preceded by preparing a monoclonal antibody having a high affinity and a 
high specificity for the surface polysaccharide of the infectious microorganism. 

The immunogenic polypeptides according to the present invention, 
especially the polypeptides of SEQ ID No. 1 and SEQ ID No. 2, allow the 
preparation of specific polyclonal or monoclonal anti-polysaccharide antibodies. 

Because anti-polysaccharide antibodies are usually very difficult to 
obtain in a significant quantity and with good specificity and affinity properties 
when using the polysaccharide molecule itself as the antigen, it is another 
object of the present invention to provide for specific anti-polysaccharide 
antibodies obtained by immunizing an animal with an immunogenic polypeptide 
of the invention. These antibodies directed against the immunogenic 
polypeptide according to the present invention recognize specifically 
polysaccharide antigens expressed by a given pathogenic microorganism of 
bacterial, fungal, or viral origin and are thus useful as diagnostic means in order 
to identify the presence of the pathogenic microorganism in a biological 
sample, preferably a tissue or a biological fluid, such as for example an infected 
host's plasma or serum. 

Specifically, in a preferred embodiment, the monoclonal or polyclonal 
antibody according to the invention recognizes the polypeptides of SEQ ID No. 
1 and SEQ ID No. 2. 

The antibodies can be prepared from hybridomas according to the 
technique desaibed by Phalipon et al. in 1995 or also by Kohler and Milstein in 
1975. The polyclonal antibodies can be prepared by immunization of a 
vertebrate, more particularty a mammal, especially a mouse or a rabbit, with a 
polypeptide according to the invention combined with an adjuvant of immunity, 
and then by purifying the specific antibodies contained in the serum of the 
immunized animal on an affinity chromatography column on which has 
previously been immobilized the polypeptide that has been used as the 
antigen. 

The present invention is also directed to a diagnostic method for 
detecting the presence of a pathogenic microorganism in a biological sample. 
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The diagnostic method comprises: 

(A) bringing into contact the biological sample expected to contain a 
given pathogenic microorganism with a purified monoclonal or polyclonal 
antibody according to the invention; and 

(B) detecting antigen-antibody complexes formed. 

In a specific embodiment of this diagnostic method, step (A) is preceded 
by preparing a purified preparation of the anti-immunogenic polypeptide 
monoclonal or polyclonal antibody. 

In a preferred embodiment of the diagnostic method of the invention, the 
method is an immunoassay, including enzyme linked immunoassay (ELISA), 
immunoblot, or radioimmunoassay (RIA). These techniques are all available 
from the prior art. 

A typical preferred immunoassay according to the invention comprises 
the following : 

(A) incubating microtitration plate wells with increasing dilutions of the 
biological sample to be assayed; 

(B) introducing into the microtitration plate wells a given concentration of 
a monoclonal or polyclonal antibody according to the invention; and 

(C) adding a labeled antibody directed against human or animal 
immunoglobulins, the labeling of the antibodies being, for example, an enzyme 
that is able to hydrolyze a substrate molecule, the substrate molecule 
hydrolysis inducing a change in the light absorption properties of the substrate 
molecule at a given wavelength, for example at 550 nm. 

The present invention also concerns a diagnostic kit for the in vitro 
diagnosis of an infection by a pathogenic microorganism. The kit comprises 
the following elements: 

(A) purified preparation of a monoclonal or a polyclonal antibody 
according to the invention; 

(B) suitable reagents allowing the detection of antigen/antibody 
complexes formed, these reagents preferably carrying a label (a marker) or 
being recognized themselves by a labeled reagent; and optionally 

(C) a reference biological sample containing the pathogenic 
microorganism antigen recognized by the purified monoclonal 
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or polyclonal antibody (positive control); and optionally 

(D) a reference biological sample that does not contain the pathogenic 
microorganism antigen recognized by the purified monoclonal or polyclonal 
antibody (negative control). 
5 The present invention is also directed to a polyclonal or a monoclonal 

antibody directed against an immunogenic peptide according to the invention. 
More specifically, the polyclonal or monoclonal antibody recognizes a 
bacterium belonging to the Shigella species when it has been prepared using 
an immunogenic polypeptide of sequence SEQ ID No. 1 or SEQ ID No. 2 as 
10 the antigen. 

Also part of the present invention are polypeptides that are homologous 
to the initially selected polypeptide bearing at least an epitope unit. By 
homologous peptide according to the present invention is meant a polypeptide 
containing one or several amino acid substitutions in the amino acid sequence 
15 of the initially selected polypeptide carrying an epitope unit. In the case of an 
amino acid substitution, one or several consecutive or non-consecutive amino 
acids are replaced by "equivalent" amino acids. The expression "equivalent" 
amino acid is used herein to name any amino acid that may be substituted for 
one of the amino acids belonging to the initial polypeptide stmcture without 
20 decreasing the binding properties of the corresponding peptides to the 
monoclonal antibody that has been used to select the parent peptide and 
without decreasing the immunogenic properties against the specified 
pathogenic microorganism. 

These equivalent amino acids can be determined either by their 
25 stmctural homology with the initial amino acids to be replaced, by the similarity 
of their net charge, and by the results of the cross-immunogenicity between the 
parent peptides and their modified counterparts. 

The peptides containing one or several "equivalent" amino acids must 
retain their specificity and affinity properties to the biological targets of the 
parent protein, as it can be assessed by a ligand binding assay or an ELISA 
assay. For example, amino acids can be placed in the following classes- non- 
polar. uncharged polar, basic, and addic. Conservative substitutions, wherein 
an am.no acid of one class is replaced with another amino acid of the same 
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type, fall within the scope of the subject invention so long as the substitution 
does not materially alter the biological activity of the compound. Table 1 
provides a listing of examples of amino acids belonging to each class. 

Examples of Amino Acids In Different Classes 



Class of Amino acid 


Examples of amino acids 


Non-polar 
Uncharged polar 
Acidic 
Basic 


A, V. L, 1, P, M, F, W 
G, S. T, C, Y. N, Q 
D, E 
K, R, H 



By modified amino acid according to the present invention is also meant 
the replacement of a residue in the L-form by a residue in the D form or the 
replacement of a glutamic acid (E) residue by a pyroglutamic acid compound. 
The synthesis of peptides containing at least one residue in the D-form is, for 
example, described by Koch et al. in 1977. 

As an illustrative example, it should be mentioned the possibility to 
realize substitutions without a deep change in the immunogenic polypeptide 
binding properties of the correspondent modified peptides by replacing, for 
example, leucine by valine, or isoleucine, aspartic add by glutamic acid, 
glutamine by asparagine, arginine by lysine etc., it being understood that the 
reverse substitutions are permitted in the same conditions. 

In order to design peptides homologous to the immunogenic 
polypeptides according to the present invention, one skilled in the art can also 
refer to the teachings of Bowie et al. (1990). 

A specific, but not limitative, embodiment of a modified peptide molecule 
of interest according to the present invention, v^hich comprises a peptide 
molecule that is resistant to proteolysis, is a peptide in which the - 
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CONH- peptide bond is modified and replaced by a (CH2NH) reduc d bond, a 
(NHCO) retro inverse bond, a (CHrO) methylene-oxy bond, a (CH2-S) 
tiiiometliylene bond, a (CH2CH2) carba bond, a (CO-CH2) cetomethylene bond, 
a (CHOH-CH2) hydroxyethylene bond), a (N-N) bond, an E-alcene bond, or 
also a -CH=CH- bond. 

The immunogenic polypeptides according to the present invention can 
be prepared in a conventional manner by peptide synthesis in liquid or solid 
phase by successive couplings of the different amino acid residues to be 
incorporated (from the N-terminal end to the C-terminal end in liquid phase, or 
from the C-terminal end to the N-terminal end in solid phase), wherein the N- 
terminal ends and the reactive side chains are previously blocked by 
conventional groups. 

For solid phase synthesis the technique described by Merrifield can be 
used in particular. Alternatively, the technique described by Houbenweyl in 
1974 can also be used, or generally any chemical synthesis method well known 
in the art, such as for example a chemical synthesis method perfomied with a 
device commercialized by Applied Biosystems. 

In order to produce a peptide chain using the Memfield process, a highly 
porous resin polymer can be used on which the first C-terminal amino acid of 
the chain is fixed. This amino acid is fixed to the resin by means of its carboxyl 
groups and its amine function is protected, for example, by a t-butyloxycarbonyl 
group. 

The peptides or pseudopeptides according to the present invention are 
advantageously combined with or contained in an heterologous structure, or 
polymerized in such a manner as to enhance their ability to induce a protective 
immune response against the pathogenic microorganism. As a particular 
embodiment of the immunogenic polypeptide according to the present 
invention, the immunogenic polypeptide can comprise more than one epitope 
unit, preferably about 2 to about 20 epitope units, more preferably about 2 to 
about 15 epitope units, and most preferably about 3 to about 8 epitope units 
per polypeptide molecule, usable as an active principle of a vaccine 
composition. 

The immunogenic polypeptides of the invention that comprise more than 
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one epitope unit are herein termed "oligomeric polypeptides". The polymers 
can be obtained by the technique of Merrifield or any other conventional 
peptide polymer synthesis method well known in the art. 

The peptides thus obtained can be purified, for example by high 
perfonnance liquid chromatography, such as reverse phase and/or cationic 
exchange HPLC, as described by Rougeot et al. in 1994. 

As another particular embodiment of the oligomeric immunogenic 
polypeptides according to the present invention, the peptides or 
pseudopeptides are embedded within a peptidic synthetic matrix in order to 
form a MAP (Multiple Antigen Peptide) type structure. Such MAP structures as 
well as their method of preparation are described by Tam in 1988 or in the PCT 
patent application No. WO 94/28915 (Hovanessian et al.). The embedding of 
the peptides or pseudopeptides of therapeutic value according to the present 
invention within MAP type structures can cause an increase in the 
immunogenic and/or protective properties of the initial molecules as regards to 
the pathogenic microorganism infection. 

In order to improve the antigenic presentation of the immunogenic 
polypeptides according to the present invention to the immune system, the 
immunogenicity of the selected polypeptide mimics when presented via a MAP 
(Multiple Antigen Peptide) construct has been studied. This kind of 
presentation system is able to present more than one copy of a selected 
epitope unit per molecule (4 to 8 immunogenic polypeptide mimics per MAP 
construct molecule) embedded in a non-immunogenic "carrier molecule. 

The inventors have synthesized MAP constructs by the Merrifield solid- 
phase method (Merrifield et al.. 1963) that comprise a lysine core on which 
have been grafted four peptide chains of either sequence SEQ ID No 1 (MAP- 
plOOc) or SEQ ID No 2 (MAP-pl 15). Mice were injected repeatedly with 50 pg 
to 100 pg of the antigen in PBS and serum as well as local anti-LPS IgG and 
IgA antibody titers have been determined by ELISA using purified S. flexneri 
serotype 5a LPS as antigen. 

MAP-pl 15 is recognized by both IgA C5 and IgA 13 monoclonal 
antibodies that have been used for selecting the pl00c and p1l5 
peptide mimics. MAP-pl 15 is also recognized by the serum antibodies 
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of mice immunized with the recombinant phages expressing the p115 
polypeptide. Thus, the anti-peptide antibodies raised after immunization with 
pi 15 phage clones are able to recognize the selected peptide of sequence 
SEQ ID No. 2 outside the phage environment when the antigen is presented to 
the cells via a MAP constnjct. 

Thus, another object of the present invention comprises peptide 
constructs that are able to ensure an optimal presentation to the immune 
system of the carbohydrate peptide mimics according to the invention. 

In a specific embodiment of the peptide constructs according to the 
invention, the peptide mimics (the epitope units) are part of a MAP construct as 
defined above, such MAP construct comprising from four to eight epitope units 
per molecule, for example grafted on a lysine core as described hereinafter. 

Generally, an immunogenic polypeptide according to the present 
invention will comprise an additional T-epitope that is covalently or non- 
covalently combined with said polypeptide of the invention. In a preferred 
embodiment, the additional T-epitope is covalently linked to the immunogenic 
polypeptide. 

Illustrative embodiments of a suitable T-cell epitope to be combined with 
an immunogenic peptide mimic according to the invention are, for example, the 
20 following ; 

- hepatitis delta T-cell epitopes (Nisini et a!., 1997); 

- a T-cell epitope from the Influenza virus (Fitzmaurice et a!., 1996); 

- a T-cell epitope of woodchuck hepatitis virus (Menne et a!., 1997); 

- a T-cell epitope from the rotavirus VP6 protein (Bancs et al.. 1997); 

- a T-cell epitope from the structural proteins of entroviruses, specifically 
from the VP2, VP3. and VP1 capsid proteins (Cello et al., 1996); 

- a T-cell epitope from tetanus toxin (Astori and Kraehenbuhl, Molecular 
Immunology 1996. Vol. 33, pp. 1017-1024); 

- a T-cell epitope from Streptococcus mutans (Senpuku et al 1996)- 

30 and 

- a T-cell epitope from the VP1 capsid protein of the foot and mouth 
disease virus (Zamorano et al., 1995). 

Preferred additional T-cell epitopes used according to the present 
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invention are, for xampie. universal T-cell epitopes, such as tetanus toxoid or 
also the VP1 poiiovirus capsid protein (Graham et a!., 1993). In a most 
prefen-ed embodiment, the T-cell epitope comprises a peptide comprised 
between the amino acid in position 103 and the amino acid in position 115 of 
the VP1 poiiovirus capsid protein. 

Thus, the MAP construct may comprise an additional T epitope, which is 
covalently linked to the immunogenic polypeptide of the MAP. the orientation 
being chosen depending on the immunogenic polypeptide to be used to 
prepare the MAP construct. Accordingly, the additional T-epitope can be 
located at the external end (opposite to the core) of the MAP, or conversely the 
additional T-epitope can be directly linked to the core of the MAP constmct, 
thus preceding the immunogenic polypeptide, which is then external to the 
MAP construct. 

In another embodiment of the peptide constructs according to the 
present invention, the immunogenic polypeptide is directly coupled with a 
carrier molecule, such as KLH (Keyhole Limpet Hemocyanin) or preferably with 
tetanus toxoid. 

The immunogenic polypeptides according to the invention can be 
presented in different additional ways to the immune system. In one specific 
embodiment the immunogenic carbohydrate peptide mimics of the invention 
can be presented under the form of ISCOMs (Immunostimulating complexes) 
that are composed of Quil A (a saponin extract from Quilaja saponaria olina 
bark), cholesterol and phospholpids associated with the immunogenic 
polypeptide (Mowat et al.. 1991; Morein, 1990, Kersten et at., 1995). 

The immunogenic polypeptides of the invention can also be presented in 
the form of biodegradable microparticles (microcapsules or microspheres), 
such as for example lactic and glutamic acid polymers as described by Aguado 
et al. in 1992, also termed poly(lactide-co-glycolide) microcapsules or 
microspheres. 

Other microparticles used to present the polypeptide mimics of the 
.nvention are synthetic polymer microparticles carrying on their surface one or 
more polypeptide mimics covalently bonded to the material of the 
microparticles, said p ptide mimic(s) each carrying one or more 
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epitope units and being present at a density of between 10^ and 5 x 10^ 
molecules/^jm2. Tliese micropartides have an average diameter of about 0.25 
Mm to about 1.5 |jm, and preferentially of about 1 pm so as to be able to be 
presented to CD4+ T lymphocytes by phagocytic cells. These micropartides 
are more particularly characterized in that the covalent bond is formed by 
reaction between the NH2 and/or CO groups of the immunogenic peptide mimic 
and the material making up the micropartide. Advantageously, such a bond is 
created by a bridging reagent as intermediate, such as glutaraldehyde or 
carbodiimide. The material of the micropartide can advantageously be a 
biocompatible polymer, such as an acrylic polymer, for example polyacrolein or 
polystyrene, or the poly(alpha-hydroxy acids), copolymers of lactic and 
glycolide adds or lactic add polymers, wherein the polymers are 
homopolymers or hetero- or copolymers. The above-described micropartides 
are described in French Patent Application No. FR 92 10879, filed on 
September 11 , 1992 (Leclerc et al). 

The immunogenic polypeptide mimics of the invention can also be 
induded within or adsorbed onto liposome partides, such as those described in 
PCT Patent Application No. PCT/FR95/00215 published on August 31. 1995 
(Riveau et al.). 

The present invention is also directed to an immunogenic composition 
comprising an immunogenic polypeptide according to the invention, notably in 
the form of a MAP construct or a peptide construct as defined above, and 
induding the oligomeric immunogenic polypeptides described hereinbefore, or 
also in a micropartide preparation. 

The invention also pertains to a vacdne composition for immunizing 
humans and other vertebrates, more particulariy mammals against a fungal, 
bacterial, or viral infection, comprising an immunogenic composition as 
described above in combination with a pharmaceutical ly compatible exdpient 
(such as saline buffer), optionally in combination with at least one adjuvant of 
immunity, such as aluminum hydroxide or a compound belonging to the 
muramyl peptide family. Various methods for achieving adjuvant effect for the 
vacdne indude the use of agents such as aluminum hydroxide or phosphate 
(alum), commonly used as 0.05 to 0.1 percent solution in phosphate buffered 
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saline, in admixtur with synthetic polymers of sugars (Carbopol) used as 0.25 
% solution. Another suitable adjuvant compound is DDA 
(dimethyldioctadecylammonium bromide), as well as immune modulating 
substances, such as lymphokines (e.g. gamma-IFN, IL-1, IL-2 and IL-12) and 
also gamma-IFN inducer compounds, such as poly l:C. 

Preparation of vaccines, which contain polypeptides as active 
ingredients, is generally well understood in the art as exemplified by U.S. 
Patents 4,608,251; 4,601,903; 4,599,231; 4,599,230, 4,596,792, and 
4,578,770, all incorporated herein by reference. 

The vaccine according to the present invention is advantageously 
prepared as an injectable composition either as a liquid solution or suspension. 
The vaccine can also be provided in solid form suitable for solution in or 
suspension in a liquid prior to injection. 

The active immunogenic polypeptide contained in the vaccinal 
composition is generally mixed with excipients, which are pharmaceutically 
acceptable and compatible, such as for example, water, saline, dextrose, 
glycerol, ethanol, or a combination of more than one of the above excipients. 
In addition, if desired, the vaccine composition can contain minor amounts of 
auxiliary substances, such as wetting or emulsifying agents, pH buffering 
agents, or adjuvants that enhance the effectiveness of the vaccines. 

The vaccines are conventionally administered parenterally, by injection, 
for example, either subcutaneously or intramuscularly. Additional formulations 
are suitable for other modes of administration, including suppositories, and in 
some cases oral formulations, which may be preferred embodiments for the 
development of a desired mucosal immunity. For suppositories, traditional 
binders and carriers include, for example, polyalkalene glycols or triglycerides. 
Suppositories can be fonmed from mixtures containing the active immunogenic 
polypeptide of the invention in the range of about 0.5 % to about 10 % 
preferably about 1 to about 2 % by weight. Oral formulations include such 
normally employed excipients as. for example, pharmaceutical grades of 
mann-tol, lactose starch, magnesium stearate, sodium saccharine, cellulose or 
magnesium carbonate. These compositions take the form of solutions 
suspensions, tablets, pills, capsules, sustained release 
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formulations, or powders, and contain about 10 to about 95 % by weight of the 
active immunogenic polypeptide of the invention, preferably about 25 to about 
70 % by weight. 

The immunogenic polypeptide of the invention can be fonrulated Into 
the vaccine in neutral or salt form. Pharmaceutically acceptable salts include 
acid addition salts (formed with free amino groups of the peptide), and which 
are formed with inorganic adds such as, for example, hydrochloric or 
phosphoric acids, or such organic acids as acetic, oxalic, tartaric, or mandelic 
acid. Salts formed with the free carboxyl groups can also be derived from 
inorganic bases such as, for example, sodium, potassium, ammonium, calcium, 
or ferric hydroxides, and such organic bases as isopropylamine, 
trimethylamine, 2-ethylamino ethanol, histidine, or procaine. 

The vaccine compositions of the invention are administered in a manner 
compatible with the dosage formulation and in such amount as will be 
therapeutically effective and immunogenic. The quantity to be administered 
depends on the subject to be treated, including, e.g., the capacity of the 
individual s immune system to mount an immune response. Suitable dosage 
ranges are of the order of several hundred micrograms active immunogenic 
polypeptide with a preferred range about 0.1 yg to about 1000 mq, preferably 
about 1 Mg to about 300 yg, and especially about 10 pg to about 50 pg. The 
dosage of the vaccine will depend on the route of administration and will vary 
according to the age of the patient to be vaccinated and, to a lesser degree, the 
size of the person to be vaccinated, 

Preferably, both in the case of an immunogenic polypeptide carrying a 
single epitope unit and in the case of an immunogenic polypeptide carrying 
several epitope units, the vaccine composition is administered to human in an 
amount of about 0.1 to about 1 pg immunogenic polypeptide per kilogram 
patient s body weight, preferably about 0.5 pg/kg of body weight, this 
representing a single vaccinal dose for a given administration. In the case of 
patients affected with immunological disorders, such as for example 
immunodepressed patients, each- injected dose preferably contains half the 
we.ght quantity of the immunogenic polypeptide contained in a dose for a 
healthy patient. 
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In many instances, it will be necessary to proceed with multiple 
administrations of the vaccine composition according to the present invention, 
usually not exceeding six administrations, more usually not exceeding four 
vaccinations, and preferably one or more, usually at least about three 
administrations. The administrations will normally be at from two to twelve 
week intervals, more usually from three to five week intervals. Periodic 
boosters at intervals of 1-5 years, usually three years, will be desirable to 
maintain the desired levels of protective immunity. 

Preferably, the vaccine composition is administered several times. As 
an illustrative example, three vaccinal doses as defined hereinabove are 
respectively administered to the patient at time tO, at time tO + 1 month, and at 
time to + 12 months. Alternatively, three vaccinal doses are respectively 
administered at time tO, at time tO + 1 month, and at time tO + 6 months. 

The course of the immunization can be followed by in vitro proliferation 
assays of PBL (peripheral blood lymphocytes) co-cultured with the 
immunogenic polypeptide of the invention, and especially by measuring the 
levels of gamma-IFN released from primed lymphocytes. The assays can be 
performed using conventional labels, such as radionuclides, enzymes, or 
fluorescent compounds. These techniques are well known in the art and found 
notably in the US Patents Nos. 3.731,932, 4,174.384, and 3,949,064, which are 
incorporated by reference herein. 

As described above, a measurement of the effect of the polypeptides in 
the vaccine compositions according to the present invention can be to assess 
the gamma-IFN released from memory T-lymphocytes. The stronger the 
immune response, the more gamma-IFN will be released. Accordingly, a 
vaccine composition according to the invention comprises a polypeptide 
capable of releasing from memory T-lymphocytes at least about 1500 pg/ml, 
such as about 2000 pg/ml, preferably about 3000 pg/ml gamma-IFN, in the 
above-described in vitro assays. 

In mice that are administered a dose comparable to the dose used in a 
human, antibody production is assayed after recovering immune serum and 
revealing immune complex formed between antibodies present in 
the serum samples and the immunogenic polypeptid contained in 
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the vaccine composition, using the usual methods well known in th art. 

The immunogenic polypeptides used in the vaccinal strategy according 
to the present invention can also be obtained using genetic engineering 
methods. The one skilled in the art can refer to the known sequence of the 
phage insert that expresses a specific epitope unit of an immunogenic 
polypeptide mimic of the invention and also to the general literature to 
determine the appropriate codons that can be used to synthesize the desired 
peptide. There is no need to say that the expression of the polynucleotide that 
encodes the immunogenic polypeptide mimic of interest may be optimized, 
according to the organism in which the sequence has to be expressed and the 
specific codon usage of this organism (mammal, plant, bacteria, etc.). For 
bacteria and plant, respectively, the general codon usages can be found in 
European patent application No. EP 0 359 472 (Mycogen). 

As an alternative embodiment, the epitope unit of the immunogenic 
polypeptide mimic according to the present invention is recombinantly 
expressed as a part of longer polypeptide that serves as a carrier molecule. 
Specifically, the polynucleotide coding for the immunogenic polypeptide of the 
invention, for example a polypeptide having an amino acid length between 10 
and 200 amino acid residues, is inserted at at least one permissive site of the 
polynucleotide coding for the Bordetella cyaA adenylate cyclase, for example, 
at a nucleotide position located between amino acids 235 and 236 of the 
Bordetella adenylate cyclase. Such a technique is fully described in the United 
States Patent No. 5,503,829 granted on April 2, 1996 (Leclerc et al.). 

in another embodiment of the vaccine composition according to the 
present invention, the nucleotide sequence coding for the desired immunogenic 
polypeptide carrying one or more epitope units is inserted in the nucleotide 
sequence coding for surface protein of Haemophilus influenza, such as 
described in PCT Application No. PCT/US96/17698 (The Research Foundation 
of State University of New York), which is incorporated by reference herein. 

In another embodiment of the vaccine composition according to the 
invention, the composition comprises a polynudeotide coding for the 
immunogenic polypeptide or oligomeric peptide of pharmaceutical interest. 

For the purpose of the present invention, a specific embodiment of a 
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vaccinal strategy comprises the in vivo production of an immunogenic 
polypeptide, for example in an oiigomeric fonn by the introduction of the genetic 
information in the vertebrate, more particularly mammal organism, specifically 
in the patient organism. This genetic infomiation can be introduced in vitro in a 
cell that has been previously extracted from the organism, the modified cell 
being subsequently reintroduced in the said organism directly in vivo into the 
appropriate tissue. The method for delivering the corresponding protein or 
peptide to the interior of a cell of a vertebrate in vivo comprises the step of 
introducing a preparation comprising a pharmaceutically acceptable injectable 
carrier and a polynucleotide operatively coding for the polypeptide into the 
interstitial space of a tissue comprising the cell, whereby the polynucleotide is 
taken up into the interior of the cell and has a phamriaceutical effect. 

In a specific embodiment, the invention provides a vaccine composition 
comprising a polynucleotide operatively coding for the immunogenic 
polypeptide of interest or one of its above-described oiigomeric peptides in 
solution in a physiologically acceptable injectable carrier and suitable for 
introduction interstitially into a tissue to cause cells of the tissue to express the 
said protein or polypeptide. 

The polynucleotide operatively coding for the immunogenic polypeptide 
mimic or oiigomeric peptide can be a vector comprising the genomic DNA or 
the complementary DNA (cDNA) coding for the corresponding protein or its 
protein derivative and a promoter sequence allowing the expression of the 
genomic DNA or the complementary DNA in the desired eukaryotic cells, such 
as vertebrate cells, specifically mammalian cells. The vector component of a 
therapeutic composition according to the present invention is advantageously a 
plasmid, a part of which is of viral or bacterial origin, which carries a viral or a 
bacterial origin of replication and a gene allowing its selection, such as an 
antibiotic resistance gene. By "vector" according to this specific embodiment of 
the invention is intended a circular or linear DNA molecule. This vector can 
also contain an origin of replication that allows it to replicate in the eukaryotic 
host cell, such as an origin of replication from a bovine papillomavirus. 

Therapeutic compositions comprising a polynucleotide are 
described in PCT application No. WO 90/11092 (Vical Inc.), and also in 
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PCT application No. WO 95/11307 (Institut Pasteur, INSERM, Universite d 
Ottawa), as well as in the articles of Tacson et al. (1996, Nature Medicine, 
2(8);888-892) and of Huygen et al. (1996, Nature Medicine. 2(8):893-898). 

In another embodiment, the DNA to be introduced is complexed with 
DEAE-dextran (Pagano et al., 1967, J. Virol., 1:891) or with nuclear proteins 
(Kaneda et al.. 1989, Science, 243:375), with lipids (Feigner et al., 1987, Proc. 
Natl. Acad. Sci., 84:7413), or encapsulated within liposomes (Fraley et al.. 
1980, J. Biol. Chem., 255:10431). 

In another embodiment, the therapeutic polynucleotide can be included 
in a transfection system comprising polypeptides that promote its penetration 
within the host cells as described in PCT application No. WO 95/10534 
(Seikagaku Corporation). 

The therapeutic polynucleotide and vector according to the present 
invention can advantageously be administered in the form of a gel that 
facilitates transfection into the cells. Such a gel composition can be a complex 
of poly-L-lysine and lactose as described by Midoux (1993. Nucleic Acids 
Research. 21:871-878) or also poloxamer 407 as described by Pastore (1994, 
Circulation, 90:1-517). The therapeutic polynucleotide and vector according to 
the invention can also be suspended in a buffer solution or be associated with 
liposomes. 

Thus, the vaccinal polynucleotide and vector according to the invention 
are used to make phamiaceutical compositions for delivering the DNA 
(genomic DNA or cDNA) coding for the immunogenic polypeptide mimic of the 
invention at the site of the injection. The amount of the vector to be injected 
varies according to the site of injection. As an indicative dose, the vector can 
be injected in an amount of about 0.1 and about 100 ug of the vector in a 
patient. 

in another embodiment of the therapeutic polynucleotide according to 
the invention, the polynucleotide can be introduced in vitro into a host cell, 
preferably in a host cell previously han/ested from the patient to be treated and 
more preferably a somatic cell such as a muscle cell. In a subsequent step the 
cell that has been transformed with the vaccinal nucleotide coding for the 
immunogenic polypeptide of the invention is implanted back into the patient in 
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order to deliver the recombinant protein within the body either locally or 
systemically. 

Consequently, the present invention also concerns an immunogenic 
composition comprising a polynucleotide or an expression vector as described 
hereinabove in combination with a phamiaceutically acceptable vehicle 
allowing its administration to the human or other animal. A further embodiment 
of the invention comprises a vaccine composition comprising a polynucleotide 
or a vector as described above in combination with a pharmaceutically 
acceptable vehicle allowing its administration to the human or the animal. 

This invention will be desaibed in greater detail in the following 
Examples. 

EXAMPLE 1 

A. Phage-displayed peptide libraries and 

selection of pe ptide mimics bv biopanning 

The two phage peptide libraries used in this study, pVIII-9aa (Felici et 
al.. 1991) and pVIII-9aa.Cys (Luzzago et al., 1991). contain 9 amino acid 
random peptide inserts in the N-terminal region of the phage major coat protein 
(PVIII); in the latter. pVIII-9aa.Cys. the random inserts are flanked by two 
cysteine residues and hence can be cyclically constrained. Specific phage 
clones were isolated from the libraries by two rounds of affinity selection 
according to previously described biopanning procedures (Felici et al., 1991; 
Parmley etal.. 1988). 

In the first round, the mAb (at 1 pM concentration) was incubated 
overnight at with 1 01 0 AmpR TU of library in a total volume of 1 0 pi The 
mixture was incubated with 0.25 Mg of a biotin-conjugated goat anti-mouse IgA 
secondary antibody (alpha-chain specific. SIGMA. St. Louis. MO), which was 
previously pre-adsorbed overnight at with 2x101 1 phage particles of UV- 
killed M13K07 in order to prevent non-specific binding, and then the phage- 
mAb-secondary Ab complexes were tethered on streptavidin coated 
dishes. The second round of affinity selection was carried out in the 
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same way, but using 10 nM or 0.1 nM concentrations of mAb (and 
proportionally lower amounts of the secondary antibody). Positive phage 
clones were identified through plaque immunoscreening (Luzzago et al., 1993; 
Feiici et al., 1996), and further characterized through ELISA (Smith et al., 1993; 
Denteetal., 1994). 



B. Immunization of mice 



Six-week-old BALB/c female mice (Janvier, France) were immunized i.p. 
six times at 1 5 day intervals for the first three injections, and at 30 day inten/als 
for the last three injections, using 10'^ ^^^^^ particles per immunization, 
purified through CsCI gradient (Smith et al., 1993). A group of ten mice was 
used for each of the phage clones used as immunogen. Preimmune sera were 
individually recovered from every mouse and used as a negative control when 
testing the presence of anti-S. flexneri LPS antibodies in each of the 
corresponding immune sera. For each of the clones inducing a positive 
response, another group of 10 mice was also immunized i.p. to test the 
reproducibility of anti-carbohydrate antibody induction. I.v. immunizations were 
also assessed. 



C. tmmunoblotting of LPS 



Briefly, 2 pg per well of purified LPS diluted in Laemmli sample buffer 
were run into a sodium dodecyl sulfate-15% polyacrylamide gel (SDS-PAGE) 
(Laemmli, 1970) in the presence of urea at a concentration of 4M. After 
transfer to nitrocellulose, the anti-S. flexneri LPS antibodies in the serum of 
mice immunized with each of the different phage clones were revealed using 
horseradish peroxidase-labeled goat anti-mouse IgG as secondary antibody 
(dilution at use 1:5000; Sigma Chemical Co., St Louis. IVIO.), and visualized by 
enhanced chemiluminescence (Amersham International. Buckinghamshire 
England). 
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D. ELISA 



ELISA was performed as previously described (Meloen et al., 1980). 
Briefly either 1 of S. flexneri LPS purified according to Westphal et al. 
(Westphal et al., 1965) or 1010 piooc or pi 15 phage particles were coated per 
well. Binding of specific antibodies was revealed using alkaline phosphatase- 
conjugated goat anti-mouse IgG as secondary antibody (dilution at use 1:5000; 
Biosys. Compigne. France). Antibody titers were defined as the last dilution of 
serum specimens leading to an OD twice that of the negative control (i.e. 
preimmune sera), except for the measurement of the anti-LPS titer in which 
incubation of sera of mice immunized with pwt (cross-reacting with the Shigella 
LPS core moiety) was used as the negative control. Specific inhibition of 
recognition of 0-Ag by pi 00c- or p115-induced antibodies was performed in 
the same conditions, except that various concentrations of pi 00c and pi 15 
phage particles were incubated with the pi 00c- and p115-immune sera before 
adding the sample to the well. 

E- Labeling of bacteria 



Freshly grown bacteria were centrifuged onto cover-slips (700x g for 10 
min) and fixed with 3.7% paraformaldehyde in phosphate-buffered saline for 20 
min at room temperature. Labeling was performed, as previously described 
(Mounier et al., 1997). with immune sera of mice immunized with either p100c. 
pi 15, or pwt phage particles (dilution at use: 1:20). Goat anti-mouse 
rhodamine-conjugated immunoglobulin G (Sigma Chemical Co., St. Louis, 
MO.) was used as a secondary antibody (dilution at use: 1:200). The labeled 
preparations were observed using a conventional fluorescence microscope 
(BH2-RFCA, Olympus Optical. Co, Ltd). 



Synthesis of MAP cnnstmrte 



Peptides and MAP peptides were synthesized by the 
Merrifield solid-Phase method (1) using Fmoc chemistry on a Pioneer 
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Perseptive Biosystems synthesizer. Stepwise elongation of the peptide chains 
was done using HATU activation (4 eq.). 

Peptides 115-Cys and lOOc-Cys were synthesized on a Fmoc Cys(Trt)- 
PAC-PEG-PS resin (Perseptive Biosystems). After elongation of the peptide 
chain, the peptides were cleaved from the resin by TFA/H20/EDT/TIS 
(92.5/2.5/2.5/2.5) mixture for 2 hours. The resins were eliminated by filtration 
and the peptides recovered by precipitation in cold diethyl ether. Peptides were 
then purified by reverse phase HPLC on a Nucleosil 5 C18 300 semi- 
preparative column (250 mm x 10 mm) using; respectively; a 15-40 and 15-30 
linear gradient of acetonitrile in 0.1% aqueous TFA over 20 min at a 6 ml/min 
flow rate. Final purities of the two peptides were checked on a Nucleosil 5 C18 
300 analytical column (150 mm x 4.6 mm) using a 17-30 linear gradient over 
20 min at a 1 ml/min flow rate using the same eluents as above. 

The lysine core, (Lys)2-Lys-Ser-Ser-Lys-bAla-NH2, of the MAP was 
synthesized on a PAL-PEG-PS resin (Perseptive Biosystems), and the 
tetrameric structure was obtained by incorporating two levels of Fmoc 
Lys(Fmoc) OH. 

MAP peptides (MAP1 15 and MAP100C) were obtained by stepwise 
elongation of the peptide chain on the four amino groups of the lysine core. 

After TFA/H2O/TIS (95/2.5/2.5) cleavage and ether precipitation, 
MAP1 15 and MAP100C were purified by reverse phase HPLC on a Nucleosil 5 
C18 300 semi-preparative column (250 mm x 10 mm) using, respectively, a 
20-40 and 15-45 linear gradient of acetonitrile in 0.1% aqueous TFA over 20 
min at a 6 ml/min flow rate. Final purity of the two MAP were checked on a 
Nucleosil 5 CIS 300 analytical column (150 mm x 4.6 mm) using, respectively, 
a 20-40 and 20-50 linear gr vertebrate, more particularly in a mammal adient 
over 20 min at a 1 ml/min flow rate using the same eluents as above. 

Positive ion electrospray mass spectrometry confirmed the purity and 
the molecular weight of the MAP peptides and peptides. 
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I. In vivo prot ction assays with the high 

affinity anti-p olvsaccharide monoclonal antibody 

(A) Back pack tumor model 

The back pack tumor model is performed as described by Winner et al. 
(1991). mIgA serum levels are measured by ELISA in mice developing a 
tumor. These mice are then intranasally challenged with 20 pi of a S. flexenii 
5a or S. flexneri 2a culture at 5 x 108/ml. This inoculum is tenfold less (sub- 
lethal dose is used here) than the inocumum required for the LD50 in this 
model. For each experiment, naive BALB/c mice are concomitantly challenged 
with the same inoculum. One day after the challenge, mice are tail bled, and 
serum IL-6 levels are measured following the technique described by Van 
Snick et al. (1986). Representative mice are killed, and their lungs are 
removed from the thoracic cavity after being filled with paraformaldehyde for 
histopathological analysis. 

(B) Intranasal administration of mIgA. 

For intranasal administration of mIgA, mice are inoculated with different 
amounts of the purified antibody in a volume of 20ijl 1 h before being 
challenged as described above. At 6 h after infection, serum IL-6 levels are 
measured, specimens are taken for histopathological analysis, and bacterial 
counts in lung tissues are performed. For the latter experiments, mice are 
killed by cervical dislocation, and lungs are dissected and placed inIO ml of 
ice-cold 0.9 % NaCI, and then ground with an Ultra-turrax apparatus (Janke 
and Kunkel. GmbH and Co., Staufen. Germany). Serial dilutions of the 
resulting solution are placed on Congo red agar and incubated overnight at 
37X. For each experiment corresponding to a given amount of antibody 
administered intranasally, a control group of naive mice is concomitantly 
challenged. 

For the back pack tumor model or the intranasally administered purified 
mIgA experiments, each experiment is comprised of 10 mice per group and is 
repeated three times. 
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J. Assay f rd termining the high affinity of 

the anti-polvsaccharide monoclonal antibodies 

In a first step, LPS is coated on the surface of wells of microtitration 
plates by an overnight incubation of 1 pg LPS per well in solution in a 
carbonate buffer, pH 6.0 at 4 C. 

In parallel, glass tubes are filled with 125 [i\ of a solution containing the 
monoclonal antibody to be assayed at a constant concentration (for example at 
about 7 pg/ml). Then, increasing concentrations of a LPS solution are added to 
each glass tube in a final volume of 250 pi (from 0.1 pg/ml to 1 pg/ml LPS in 
solution) and incubated overnight at 4 C. Control tubes are included in the 
assay, respectively containing LPS alone or the monoclonal antibody alone. 

in a second step, lOOpI of the solution contained in each above- 
described glass tube is dispensed in the wells of the above-described 
microtitration plate and incubated during 30 min at 4°C. Then, two washings 
are performed with a PBS/Tween buffer (conventional ELISA assay), and the 
bound monoclonal antibody is conventionally revealed, for example with a 
peroxidase- or phosphatase-labeled anti-lg antibody. 

The LPS concentration for which 50% inhibition of binding of the 
assayed anti-polysaccharide monoclonal antibody is achieved is then 
determined. 



K. Selection and features of phage-dispiayed 
peptides mimicking protective carbohydrate 
epitopes of th e S. flexneri serotvoe Sa O-Ao 

Both mIgA C5 and mIgA 13 specific for the 0-Ag of the S. flexneri 
serotype 5a LPS (previously shown to be protective in vivo against Shigella 
infection, Phalipon et al., 1995; A. Phalipon, unpublished results), were used to 
screen phage-displayed nonapeptide libraries, and clones interacting with 
these antibodies were isolated as described above. Six different clones 
were selected with mIgA 13 and thirteen with mIgA C5. Five of the 
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clones selected with mIgA 13 were shown in ELISA to interact also with mIgA 
C5. 

Then, to select relevant peptide mimics of the carbohydrate epitopes, 
the phage clones were tested for their ability to compete with the antigen for 
binding to the antibody. Binding in ELISA of each mIgA to the selected phage 
clones was measured in the presence of various concentrations of the S. 
flexneri serotype 5a LPS. The binding of all the phage clones to the 
antibody(ies) they interacted with was shown to be inhibited by LPS. The 
peptide sequences of the inserts of the phage clones mimicking carbohydrate 
detemiinants are summarized in Table 2. In total, nineteen peptide sequences 
mimicking protective carbohydrate epitopes of the 0-Ag were selected by the 
use of two different phage-displayed peptide libraries. 

An interesting common feature of all the sequences was the high 
frequency of aromatic amino acid residues, either tyrosine (Y), proline (P), 
histidine (H). tryptophan (W), or phenylalanine (F), a large part (82%) of the 
positive insert sequences, comprised at least two aromatic residues, and more 
than half (55%) at least three. Clone 12 contained five aromatic amino acids 
out of nine. 
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EXAMPLE 2 

Immunoqenicitv of the peptide mimics 

If the peptide sequences that have been selected mimic the protective 
carbohydrate epitopes, they could be expected to induce antibodies specific for 
the 0-Ag of the S. flexneri LPS. The basic stmcture of the saccharidic unit, 
which is repeated to form the 0-Ag of the S. flexneri species, is three rhamnose 
(Rha) and one N-acetylglucosamine (GlcNAc) with the presence of a glucosyl 
residue (Glc) that specifies the serotype. For instance, Glc linked to the central 
Rha residue specifies the serotype 5a (Figure 1 (a)), whereas Glc branched to 
the Rha linked to the GlcNAc specifies the serotype 2a (Figure 1 (b)). Usually, 
no anti-O-Ag antibodies spedfic for the serotype 2a are elicited following 
natural infection or experimental immunization with bacteria of the serotype 5a 
and vice-versa. As both mIgAs used for the selection of the peptide mimics are 
serotype 5a-specific. the peptide mimic-induced antibodies should therefore be 
specific for this serotype. 

To test the immunogenicity of the peptide mimics, each of the 19 
selected phage clones were used to immunize BALB/c mice as described 
above. The anti-carbohydrate antibody response induced was tested by 
immunoblotting using purified LPS from the S. flexneri serotypes 5a and 2a. 
Among the 19 clones previously selected, pi 00c (mIgA 13-specific) and pi 15 
(recognized by both mIgAs). carrying the sequences YKPLGALTH (SEQ ID No. 
1) and KVPPWAATA (SEQ ID No. 2). respectively, induced anti-O-Ag 
antibodies that were specific for the serotype 5a (Figure 2 (b) and (c) 
respectively). The observed ladder, which is a feature of the recognition of the 
0-Ag by specific antibodies, is constituted by the repeats of the basic 
saccharidic unit. Interestingly, the average molecular weight of the 0-Ag 
molecules recognized by the peptide-induced antibodies was different from that 
Of those recognized by mIgA C5 or mIgA 13 (Figure 2d), which were used to 
select the immunogenic peptide mimics. Th p100c-and p115-induced 
antibodies recognized 0-Ag molecules of molecular weight ranging 
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from 950 (1 unit) to 10,450 (11 units) (Figure 2b). and from 950 (1 unit) to 
16,150 (17 units) (Figure 2c). A common pattern of recognition was similarly 
observed for mIgA C5 or 13, but these antibodies also recognized 0-Ag 
molecules of higher molecular weight (Figure 2d). The lowest band, 

5 corresponding to the LPS core moiety, was detected by the p100c- and pi 15- 
induced antibodies (Figure 2. b and c, respectively) as well as by sera of mice 
immunized with pwt (Figure 2a). As phage preparations may contain traces of 
E. coli LPS, whose core region is very similar to that of Shigella, the recognition 
of the S. flexneri core region probably reflected the cross-reactivity of anti-E 

0 coli LPS antibodies induced following immunization with the phage particles. 
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plOOc- and p115-induc ed anti-LPS and anti-phaae antibody titers 

The antibody response induced by the two immunogenic peptide mimics 
was further analysed in ELISA. As immunizations were performed with the 
purified phage particles, the anti-LPS antibody response induced by p100c and 
pi 15 was mainly of the G isotype. As shown in Figure 3 (b and c), for both 
immunogenic mimics the anti-LPS and anti-phage antibody titers were 1:100 
and 1:10,000, respectively. A similar anti-phage response was observed with 
the phage pwt (Figure 3), whereas, as expected, no anti-LPS antibody 
response was detected. 

Binding of the mimic-induced antibodies to LPS in the presence of the 
phage clones plOOc, p115, or pwt was also tested in ELISA. Inhibition of 
binding of plOOc-induced antibodies was observed in the presence of plOOc 
but not pi 15 or pwt. Similar results were obtained with p115 and the p115- 
induced antibodies (data not shown). 
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EXAMPLE 4 

Recognition of S. flexneri serotype 5a 
bacteria bv peotide mimic-induced antibodies 

If the antibodies play a role in protection against infection, thus 
dismpting the pathogenic process, they should recognize and bind to the 
bacteria. As could be expected. S. flexneri serotype 5a but not serotype 2a 
bacteria were recognized by p115-induced antibodies (Figure 4, a and b). 
Similar data were obtained with p100c-induced antibodies (not shown). No 
labeling was observed when bacteria were incubated with pwt-induced 
antibodies (data not shown). These findings show that the peptide mimic- 
induced antibodies are able to interact with the pathogen in an in vivo situation. 

EXAMPLE S 

immunoaenicltv of tlie MAP constmrte 

MAP-plOOc and Map-p115 were assayed by the ELISA technique for 
their binding capacity to the monoclonal antibodies mIgA C5 and mIgA 13 that 
have been used for selecting the pi 00c and p115 peptide mimics. 

Only MAP-P115 construct is recognized by the monoclonal antibodies. 
The failure of MAP-p100c to be recognized by the monoclonal antibodies may 
be explained in that the two cysteine residues flanking the peptide mimic have 
been removed in order to facilitate the synthesis of the MAP construct. These 
results suggest that the two cysteine residues are involved in the binding event 
with the monoclonal antibodies mIgA C5 and mIgA 13. MAP-p1 1 5 is also 
recognized by the serum of mice immunized with the recombinant phage 
clones expressing the p115 polypeptide mimic. On the other hand, MAP-p115 
is not recognized by the serum of mice immunized with an unrelated control 
phage. 

Thus, the anti-peptide antibodies produced after immunization of mice 
wth the P115 Phage clones are able to bind to the peptide mimic outside 
the phage presentation environment when the antigen is 
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presented to the cells via a MAP construct. 



10 



EXAMPLE 6 

Protection induced followi ng immunization with 11S/T/MAP 

Protection against Shigella infection was assessed in mice previously 
immunized with the mimotopes as follows. Mice were immunized four times 
either Intranasally (i.n.) with 100 of 115/T/MAP in the presence of 5 |jg of 
cholera toxin (CT) or intraperitoneally (i.p.) with 100 |jg of HSmMAP in the 
presence of alum, Control mice were immunized with T/MAP (100 pg per 
immunization) or wild type bacteria. For i.n. immunization, 106 live S. flexneri 
serotype 5a bacteria (M90T strain) were used. For i.p. immunization, 108 killed 
S. flexneri serotype 5a bacteria (M90T strain) were used. 

The antibody response was measured 15 days after the last 
15 immunization. The anti-LPS and the anti-peptide antibody titers were 
evaluated by ELISA using as antigen, purified LPS from the M90T strain and 
115-KHL protein, respectively. The total serum Ig response is presented in 
Figure 6. 

Figure 6 shows that higher anti-LPS or anti-peptide antibody titers were 
obtained for i.p. immunization with 115/T/MAP and the M90T strain. As 
expected, immunization with T/MAP did not elicit an antibody response. 
Interestingly, in addition to inducing anti-LPS antibodies, i.p. immunization with 
the M90T strain also induced antibodies that recognize peptide 115. In the 
anti-LPS antibody response, an approximately log difference was observed 
between mice immunized with 115/T/MAP and mice immunized with the M90T 
strain. 

The protective capacity of the 115 mimotope-induced antibodies was 
assessed as follows. Immunized mice were challenged i.n. with 5x10^ of the 
virulent bacteria. Lung-bacterial load was evaluated at 6 hours post infection 
The results are presented in Figures 7 and 8. Mice immunized with 1 1 5/T/MAP 
had a reduced lung-bacterial load as compared to the group of mice immunized 
with T/MAP. Mice immunized with M90T exhibited a similar reduction in lung- 
bactenal load. Mice immunized i.p. with 115/T/MAP showed a significant 
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reduction of th lung-bacterial load. (Figure 7) The i.n. immunizations also 
showed a reduction of the lung-bacterial load in the HS/T/MAP-immunized 
mice; however, the results are not significant, due, perhaps, to the type of 
immunization, the level of antibodies induced, and the number of mice (5) per 
3 group (Figure 8). 
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CLAIMS 

1. A purified immunogenic polypeptide comprising an epitope unit 
recognized by a protective monoclonal antibody having a high affinity and a 
high specificity for a surface polysaccharide of a pathogenic microorganism of 
bacterial, viral, or fungal origin, wherein said polypeptide induces an immune 
response in vivo against said pathogenic microorganism. 

2. The immunogenic polypeptide according to claim 1, wherein the 
epitope unit is about 6 to about 50 amino acids in length, 

3. The immunogenic polypeptide according to anyone of claims 1 or 2, 
wherein the immunogenic polypeptide comprises about 2 to about 20 epitope 
units per polypeptide molecule. 

4. The immunogenic polypeptide according to claim 3, wherein the 
immunogenic polypeptide comprises about 2 to about 15 epitope units per 
polypeptide molecule. 

5. The immunogenic polypeptide according to claim 4, wherein the 
immunogenic polypeptide comprises about 3 to about 8 epitope units per 
polypeptide molecule. 

6. The immunogenic polypeptide according to anyone of claims 1 to 5. 
wherein the epitope is recognized by a monoclonal antibody directed against a 
membrane polysaccharide of a bacterium. 

7. The immunogenic polypeptide according to claim 6, wherein the 
bacterium is selected in the group consisting of: 

- Shigella, 

- Salmonella, 

- Pneumococcus, 

- Streptococci, 

- Staphylococci, 

- Menigococci, 

- Escherichia coli, 

- Klebsiella pneumoniae, and 

- Bacteroides fragilis. 

8. The immunogenic polypeptide according to claim 7, wherein the 
bactenum belongs to the Shigella species. 
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9. The immunogenic polypeptide according to claim 8, comprising th 
following amino acid sequence SEQ ID No. 1: 

R1-YKPLGATH-R2. wherein R1 and R2 each represents either a cysteine 
residue or a hydrogen atom. 

10. The immunogenic polypeptide according to claim 8, comprising the 
following amino acid sequence SEQ ID No. 2: 

KVPPWAATA. 

11. The immunogenic polypeptide according to claim 1, wherein the 
epitope is recognized by a monoclonal antibody directed against a surface 
polysaccharide of a virus. 

12. The immunogenic polypeptide according to claim 11, wherein the 
virus is selected in the group consisting of: 

- rotavirus, 

- Human immunodeficiency virus, 

- Feline immunodeficiency virus, 

- paramyxovirus, and 

- influenza virus. 

13. The immunogenic peptide according to claim 1, wherein the epitope 
is recognized by a monoclonal antibody directed against a membrane 
polysaccharide of a pathogenic microorganism of fungal origin. 

14. The immunogenic polypeptide according to claim 1, which is 
conjugated to a carrier peptide or protein. 

15. The immunogenic polypeptide according to claim 14, which is 
contained in a MAP type peptide constnjct. 

16. A purified polynucleotide coding for an immunogenic polypeptide 
according to claim 1 . 

17. An expression vector carrying a polynucleotide according to claim 

16. 

18. A recombinant host cell transfected or transfonned with a 
polynucleotide according to claim 16 or with an expression vector according to 

claim 17. 

19. A method for selecting an immunogenic polypeptide 
compnsing an epitope recognized by a protective monoclonal 
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antibody having a high affinity and a high specificity for a surface 
polysaccharide of an infectious organism, wherein said polypeptide induces an 
immune response in vivo against said Infectious organism, said method 
comprising: 

(A) Selecting from among polypeptides from a random peptide library 
those that exhibit the following characteristics: 

(1 ) binding with a high affinity to a monoclonal antibody having a high 
affinity and a high specificity for a surface polysaccharide from an 
infectious microorganism; and 

(2) inducing an immune response in vivo against the said infectious 
microorganism; 

(B) identifying the polypeptide selected at step (A). 

20. The method of claim 15, wherein step (A) is preceded by preparing 
a random peptide library. 

21. The method according to claim 19 or claim 20, wherein the random 
library of polypeptides consists of a phage-displayed random library. 

22. The method according to anyone of claim 21, wherein step (A) is 
preceded by preparing a monoclonal antibody having a high affinity and a high 
specificity for the surface polysaccharide of the infectious microorganism. 

23. An immunogenic composition comprising an immunogenic peptide 
according to claim 1, or a purified polynucleotide according to claim 16, or a 
vector according to claim 17, or a recombinant host cell according to claim 18. 
in a phamriaceutically acceptable carrier. 

24. A polyclonal or a monoclonal antibody directed against an 
immunogenic peptide according to claim 1 . 

25. The polyclonal or monoclonal antibody of claim 24, which 
recognizes a bacterium belonging to the Shigella species. 

26. The polyclonal antibody according to claim 25, which is the mIgA C5 
antibody produced by the hybridoma cell line deposited at the CNCM under the 
Accession No. 1-1916. 

27. A diagnostic method for detecting the presence of a pathogenic 
m.croorganism in a biological sample, said diagnostic method comprising- 

(A) bringing into contact the biological sample expected of containing 
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a given pathogenic microorganism with a purified monoclonal or polyclonal 
antibody according to anyone of claims 24 to 26; and 

(B) detecting antigen-antibody complexes formed. 

28. The diagnostic method of claim 27, wherein step (A) is preceded by 
preparing a purified preparation of the said anti-immunogenic polypeptide 
monoclonal or polyclonal antibody. 

29. The diagnostic method of claim 27, wherein said method comprises 
the following steps: 

(A) incubating microtitration plate wells with increasing dilutions of the 
biological sample to be assayed; 

(B) introducing in said microtitration plate wells a given concentration 
of a monoclonal or polyclonal antibody according to the invention; and 

(C) adding a labeled antibody directed against human or animal 
immunoglobulins. 

30. The diagnostic method of claim 29. wherein the labeling of said 
antibodies is with an enzyme that is able to hydrolyze a substrate molecule, 
wherein hydrolysis of the substrate molecule induces a change in the light 
absorption properties of said substrate molecule at a given wavelength. 

31. The diagnostic method of claim 30, wherein the wavelength is 
550 nm. 

32. A diagnostic kit for the in vitro diagnosis of an infection by a 
pathogenic microorganism, wherein the kit comprises: 

(A) a purified preparation of a monoclonal or a polyclonal antibody 
according to claim 24, 25, or 26; 

(B) reagents allowing the detection of antigen-antibody complexes; 

(C) optionally, a reference biological sample containing the 
pathogenic microorganism antigen as a positive control recognized by the 
purified monoclonal or polyclonal antibody; and 

(D) optionally, a negative control comprising a reference biological 
sample that does not contain the pathogenic microorganism antigen recognized 
by the purified monoclonal or polyclonal antibody. 

33. A diagnostic kit according to claim 32. wherein the 
reagent is labeled. 
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34. A diagnostic kit according to claim 32, wherein the reagent is 
recognized by a labeled reagent. 

35. The immunogenic polypeptide according to claim 15, further 
comprising a T-epitope that is covalently or non-covalently combined with said 

5 polypeptide. 

36. The immunogenic polypeptide according to claim 35, wherein said 
polypeptide has the amino acid sequence KVPPWAATA (SEQ ID No. 2). 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) . NAME: Institut Pasteur 

(B) STREET: 25-28 rue du docteur Roux 

(C) CITY; Paris 

(E) COUNTRY: France 

(F) POSTAL CODE (ZIP) : 7501>5 

(G) TELEPHONE: 0145688093 

(H) TELEFAX: 0140613017 

(A) NAME: INSERM 

(B) STREET: 101 rue de Tolbiac 
(C> CITY: Paris 

(E) COUNTRY: France 

(F) POSTAL CODE (ZIP): 75013 

(ii) TITLE OF INVENTION: IMMUNOGENIC PEPTIDES... 
(iii) NUMBER OF SEQUENCES; 2 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentin Release #1,0, Version #1,25 (EPO) 



(2) INFORMATION FOR SEO ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: non relevant 



(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..10 

(D) OTHER INFORMATION: /label= definition 

/note= "Xaa in position 1 is Cys or a hydrogen 
atom, Xaa in position 10 is independently Cys or a 
hydrogen atom, " 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

Xaa Tyr Lys Pro Leu Gly Ala Thr His Xaa 
^ S 10 

(2) INFORMATION FOR SEQ ID NO: 2: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: non relevant 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Lys Val Pro Pro Trp Ala Ala Thr Ala 
1 5 
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